This paper examines whether and how biotech labeling has an impact on Chinese consumers' vegetable oil purchasing decision using actual sales data from Nanjing and household survey data from Jiangsu province. The market share of biotech oils immediately decreased as a result, though the decrease was small in absolute terms but statistically significant. In addition, the changes of biotech oil market share were affected by the structural effect of the rich while there was no apparent gross consumption effect of the poor, which could be underestimated by a series of factors concerning the two datasets we apply.
regulation in March 2002, which stipulates that all products containing biotech ingredients, including seeds, animal feed, and food products, should be labeled. The biotech labeling policy has been successfully enforced in the vegetable oils industry since August 2003 under the strict supervision of central and local governments. The information provided on the label is neutral and aims at informing consumers that the product contains biotech ingredients.
Hence, it provides a good chance to explore the impact of mandatory biotech food labeling policy.
The labeling regulation of China is expected to have a significant impact on both international and domestic trade of biotech products, such as herbicide-tolerant soybeans from the U.S. (Marchant et al., 2003) . However, the degree of impact is largely determined by consumers' acceptance of biotech food and its labeling as well as the effect that the labeling has on consumers' attitudes and behaviors, particularly in the long run. Today, biotech foods have entered the daily diet of Chinese consumers. Survey-based studies in China repeatedly show that consumers overwhelmingly favor mandatory biotech labeling. However, some scholars believe that labeling cannot actually change consumers' attitudes toward biotech foods if it is merely a mechanism to differentiate biotech from non-biotech foods.
Accordingly, the main purpose of this paper is to investigate the impact of mandatory food labeling policy on the market share of biotech oil using actual sales data in supermarkets.
A central question is: Does biotech labeling induce a switch in Chinese consumers' purchasing decision away from biotech oils? Furthermore, how do urban residents' characteristics influence their purchasing decisions? This paper is organized as follows: section 1 briefly introduces the biotech food debate and labeling policies used by major countries especially China; section 2 presents previous studies regarding stated preference and purchasing behavior towards biotech foods; section 3 presents variables, model, and data; section 4 presents the empirical analysis using scanning sales data; section 5 presents the empirical study using household survey data and includes an initial estimation of biotech oil market share to test and discuss results in section 4; section 6 concludes with a further discussion.
LITERATURE REVIEW
Virtually all previous studies of consumer attitudes toward biotech foods, labeling, and willingness to pay (WTP) in China and other countries (Zhong et. al., 2002; Zhong et al., 2004; Bai, 2003; Li et al., 2003; Ding, 2004; Lin et al., 2006a) are based on surveys of consumers' stated preferences. For example, instead of using actual purchasing decisions, relevant studies typically elicit WTP for biotech or non-biotech produce through hypothetical questions by direct interviews or through telephone interviews, which are followed by the have little information about the benefits and risks of the involved object in a hypothetical context and, therefore, they have biased WTP. The third concern is that consumers may take strategic behavior by understating or overstating WTP to influence marketing policy of the evaluated object (Nestor, 1998; Lusk, 2003) . Fourth, bias arises when researchers are not neutral. As a result, while these studies have provided valuable information on consumer behaviors toward biotech foods, their actual behaviors and the impact of biotech label still remain unknown. In this sense, research into consumers' revealed preferences is preferable.
To our knowledge, this study is unique in that it is the first of its kind to address whether biotech food labeling has an impact on consumers' purchasing behavior of vegetable oil by using actual sales data in supermarket outlets. A new problem arises as the retail scanner data lacks buyers' personal information. To solve this problem, this study also tries to link the actual sales data in supermarkets to surveyed household purchasing data, connecting aggregate market share with individual purchasing decisions and personal information. Figure 1 and Figure 2 show the market share of biotech oil and major non-biotech oils.
METHODOLOGY AND DATA

Variable Settings
3
During our sampling period, the quantity share of biotech oil purchased maintained a dominant level, which could be associated with its lower price. As for daily commodities, 1 CVM is an analytical tool commonly used to elicit the public's WTP to protect non-marketed resources, such as recreation, wildlife, and environmental quality (e.g., Hanemann, Loomis, & Kanninen, 1991) . 2 If asked whether one is willing to buy goods in a certain background, the "Yes" or "No" questions do not contain information on quantity changes. 3 The sales of vegetable oils fluctuate monthly. The sales increase substantially before some important family reunion festivals and drop sharply afterward. Therefore, we employ market share in quantities sold rather than sales volume in our study.
lower price would attract low income consumers and keep a high market share. Supermarkets in China are now experiencing rapid development, since millions of low income urban residents and former rural residents are becoming supermarket customers, and biotech oil is their best choice. Even if some rich consumers shift their purchasing decision to non-biotech oils, total sales volume of biotech oil and its market share may still be dominant, even with a larger market share. 1.7
1.8 Source: actual sales data in supermarket. The above pooled data model captures the effects of labeling policy, long-term trend, and relative price on the aggregate market share of biotech oil, but it can not associate the change of market share with consumers' characteristics due to the limitation of data. We will further discuss the influence of consumers' characteristics on individual urban residents' behaviors towards biotech oil and the resulting market share using household survey data. Do individuals change their actual purchasing decision after labeling policy enforcement? What are the driving forces? The following empirical testing aims to answer these questions and push forward the research of this field. The binary Probit model for testing this issue is specified as follows: It is difficult to precisely measure how soon and stable the real impact of labeling on media and consumers' decisions was. It is not even known whether the effect had fully been realeased before the end of our sampling period, i.e., eight months after labeling enforcement. However, the setting of D can be improved a little. Lin et al. (2006c) employ in their AIDS model a D changing from 0 to 1 immediately after label enforcement. It is assumed in our empirical work that the labeling effect would be released in a few months; i.e., D changes from 0 to 1 by a rate of .2. We believe it is closer to the real world. Other possible trials are also conducted, including D changing from 0 to 1 by a stable rate 0.1 or other unstable rates. Results differ in values, but all are statistically significant. For comparison convenience, we also estimate D value using the 0-1 setting adopted by Lin et al. (2006c) and find a 1.6% immediate drop in the market share of biotech oil, which is close to their result. Further possible improvements are discussed in section 6. We appreciate the anonymous referee for pointing out this critical issue. 5 Some consumers may diversify their purchasing decisions between biotech oils and non-biotech oils, but it is reasonable to believe that biotech oils or non-biotech oils should be their major choices. Because vegetable oil is categories: buyer's demographic characteristics including gender, age, and education; risk consciousness including child and food allergy; household socioeconomic factors comprising monthly income per capita and city size; other factors including heard time.
Empirical Model
Data Description
Two data sets are employed in this study. The retail scanner data are sampled from five outlets in Nanjing 6 belonging to a leading retail chain with more than 1100 outlets. The household survey data is collected from fixed observation spots of Bureau of Statistics, Jiangsu Province. Nanjing and five other cities nearby are selected to extend our analysis. A questionnaire includes questions on vegetable oil buyers' socioeconomic background, attitudes, and behaviors towards vegetable oil. The respondents amount to 1000, among which special focus is given to 787 supermarket customers in consistency with supermarket retail scanner data (Table 2) . Those supermarket customers are asked to provide purchasing decisions in early 2003 and early 2005, that is, before and after the enforcement of labeling policy. In this way, the two data sets are more comparable in describing labeling effect. However, buyers' personal information is not included in supermarket POS machines in China, so it is infeasible to follow the same samples that are in our household survey. of daily use, and there is a significant price gap between biotech oils and non-biotech oils, diversification of purchasing decisions should largely happen within the category of biotech oils or non-biotech oils. Besides, according to our previous finding, consumers' little knowledge towards vegetable oil leads to their reliance on brand. In our survey area, there is a nearly perfect correspondence between brand of vegetable oil and whether it is biotech oil or not. 6 Nanjing is the capital city of Jiangsu province and a major eastern city with a population of 6.4 million. 
BIOTECH FOOD LABELING AND MARKET SHARE OF BIOTECH OIL
This study adopts fixed effect model, and every cross-section contains an unqualified intercept. In the mean time, we use Feasible General Least Square (FGLS) estimate to minimize heteroskedasticity in each cross-section equation. *, **, ***: statistically significant at 10%, 5%, and 1%, respectively. Note: Ssoy indicates the market share of soybean oil. Spea indicates the market share of peanut oil. Ssun indicates the market share of sunflower seed oil.
In conclusion, the market share of biotech oil experienced a statistically significant drop by 4 percent after the policy enforcement. In the long run, the market share of biotech oil showed a statistically insignificant upward trend, which may result from the much lower price of biotech oil. With rapid economic growth in China, low-income residents begin to buy vegetable oil in supermarkets, and biotech oil becomes their best choice. Whether this trend actually happens in our sample needs to be further tested. Finally, the relative price of sunflower seed oil had a more significant effect on the market share of soybean oil than the relative price of peanut oil had. This may result from the significantly lower price of sunflower seed oil than peanut oil, which indicates that sunflower seed oil had a more significant substitution effect on soybean oil than peanut oil had.
CONSUMERS' PURCHASING BEHAVIOR AND MARKET SHARE OF BIOTECH OIL
Empirical Analysis of Consumers' Purchasing Preferences
Factors that influence consumers' current purchasing decisions are presented in Table 3 .
Concerning buyers' characteristics, men are more likely to buy biotech oil than women. The quadratic relation between age and purchasing decisions indicates that the young and the old are more likely to avoid buying biotech oil, as compared with the middle aged people. That may result from more sensitive attitudes towards negative information among young people while the old are more sensitive towards potential health related issues. People with higher level of education are more inclined to buy non-biotech oil. Concerning household socioeconomic factors, results show that respondents in the income category of above 3,000RMB are more likely to buy non-biotech oil. Compared with people of low income, the share of vegetable oil in total expenditure is lower among the rich, which may mean the rich pay more attention to food safety issues.
Awareness of biotech oil embodied in the two independent variables, hear short and hear long, may raise the problem of endogeneity. Media access, including internet, TV, radio, newspaper, and magazine, is employed as an instrumental variable to get unbiased estimates. This approach recognizes that, while access to mass media would raise consumers' awareness of biotech oil, it may not directly influence consumers' purchasing behavior. Prob > chi2=0.0000 LR chi2(11) = 47.92 Prob > chi2=0.0000 *, **, ***: statistically significant at the 0.10, 0.05, and 0.01 level, respectively.
What makes people shift from buying biotech oil to non-biotech oils?
7 As presented in Table 4 , respondents in the above 1500RMB income groups are statistically significant in shifting. Consumers who have heard of biotech oil shortly are more likely to change their decisions than those who have never heard of it. With labeling policy being enforced for roughly two years since 2003, lots of people have been informed for less than two years up to the year 2005. 8 This implies that labeling could trigger a significant decrease in purchasing biotech oil in the short run, which is consistent with our findings that the market share of biotech oil reduced by 4 percent shortly after the labeling enforcement. LR chi2(11) = 51.26 Prob > chi2=0.0000 *, **, ***: statistically significant at the 0.10, 0.05, and 0.01 level, respectively.
Market Share of Biotech Oil in Supermarkets: An Initial Estimate
Consumers can be supermarket customers or not. As income rises, more people start buying biotech oil in supermarkets. This continuing trend, namely gross consumption effect, would drive up the market share of biotech oil. Simultaneously, another trend is that supermarket customers shift from buying biotech oil to non-biotech oils as income further increases. This ongoing trend, namely structural effect, would reduce the market share of biotech oil. The two contradictory trends jointly shape the market share of biotech oils in supermarkets. There is structural effect as long as more people switch from buying biotech oil to non-biotech oil than the reverse, but for gross consumption effect a precondition must be satisfied that market share of biotech oil for newcomers is larger than the original market share of biotech oil in supermarkets.
Figure 4 All Types of Purchasing Decisions and Their Changes
Source: 2005 urban household survey data.
To identify structural effect and gross consumption effect and their influences on the market share of biotech oil, we simply calculate the number and ratio of consumers who followed the two effects (Figure 4) . The result is consistent with Zhong et al. (2006) Meanwhile, the enlargement of supermarket size and share of non-biotech oils were much faster, which brought down the market share of biotech oil. Overall, structural effect existed with no significant gross consumption effect.
The estimate of market share of biotech oil proves the significantly downward share of biotech oil in the short run after the labeling enforcement, but it goes against our previous finding that the market share of biotech oil would follow an insignificantly long-term increasing trend. It comes out of the difference between the two datasets. First, the actual sales data comprise all individual buyers and other social entities while household survey data only include individual consumers. Also, large volume purchases by enterprises often crowd out the relevant expenditure of their employees before festivals. Thus, the fact that social entities are prone to buy cheaper biotech oil may underestimate the market share of biotech oil.
Second, consumers of high income might occasionally buy vegetable oils made out of diversified materials (including biotech oil) due to nutritional considerations though they may respond that they buy non-biotech oil. This would significantly undervalue our estimate. Furthermore, with rapid income growth, more and more people dine out Household vegetable oil consumption is reducing due to this structural change. The shrinking family size in modern society also contributes to this process. Fourth, the accelerating urbanization would induce more supermarket customers, and millions of former rural residents are among them.
CONCLUSIONS AND FURTHER DISCUSSION
The main purpose of this study is to investigate the impact of mandatory food labeling policy on the market share of biotech oil. Further, we explore the market trend of biotech oil and its micro level contributing factors. Finally, we draw a comparison between the aggregate level analysis and individual level study.
Results using retail scanner data in supermarkets show that the market share of biotech oil decreased roughly 4 percent as a result, though the decrease was small in absolute terms but statistically significant. Besides, in the long run, biotech oil would keep on a dominative market share, though small and statistically insignificant in its growing trend. Results based on urban household survey tell us that the changes of biotech oil market share were affected by the structural effect of the rich while there was no apparent gross consumption effect of the poor.
The estimate of market share of biotech oil proves the significantly downward trend of biotech oil in the short run after the enforcement of labeling policy. Nevertheless, the absence of long-term increasing share of biotech oil and a much lower market share of biotech oil might come out of the difference between the two datasets we apply, which could be followed by underestimation of a series of factors.
However, Chinese consumers' attitudes and purchasing decisions towards biotech foods are not stable and prone to change. To study whether the influence of regulation policy on the market share would stabilize, we need to further extend the duration of the sampling time period, which can be followed by a developed setting of labeling variable with consumers' perception theory and media response theory. Otherwise, a sensitivity analysis can be conducted with a longer sampling period and diversified settings of labeling variable as prerequisites; besides, the structure of supermarkets in China is experiencing rapid changes.
Differences in the structure of supermarkets across locations suggest an expansion of this kind of analysis to other cities. It is believed that the labeling impact would be smaller if this analysis is extended to include consumers in smaller-sized cities and rural areas in China.
Other marketing strategies taken by stores and manufacturers that may affect the sales of vegetable oil have not been considered due to limitation of data.
In addition, the distinction between household survey data and actual sales data reminds us that the share of eating at home in total food budget is continuously decreasing as incomes increase, and people are more prone to dine out. Also, the faster pace of life style has brought supermarket expansion, offering more diversified food products and more ready-to-eat processed products in the interest of convenience for consumers. Decisions regarding category, quality, price, and quantity can be quite different between dining out and eating at home. It is increasingly biased if we simply infer overall food demand from household survey data. Therefore, it is important to examine the applicability of household food survey data at hand before inferring the aggregate market trend involving collective consumption and dining out.
